ABSTRACT Two hundred sixteen previously molted Dekalb Delta Leghorn laying hens (78 wk of age) were utilized to determine the effect of phytase on the ileal digestibility of amino acids. The hens were randomly arranged in a 3 × 2 factorial to evaluate three diet types that were corn-soybean meal (C-SBM), C-SBM-meat and bone meal (C-SBM-MBM), and C-SBM-wheat middlings (C-SBM-WM) and two levels of phytase (0 or 300 U/kg of diet). Each treatment was administered to four replicates of nine hens per replicate. Hens were fed the experimental diets for 21 d, and daily egg production and feed intake were recorded. After 21 d, the hens were euthanized, and ileal contents were collected for amino acid and digestible energy determination. Egg production of the hens did not differ among the treatments (P > 0.05). A
INTRODUCTION
Phytic acid binds P so that is relatively insoluble in monogastric digestive systems. In addition to P, phytic acid may complex with other nutrients such as amino acids, lipids, and minerals to create insoluble salts (Cosgrove, 1980; Ravindran et al., 1995) . In theory, microbial phytase addition to phytate-containing diets could potentially improve amino acid digestibility by releasing phytate-bound amino acids. Various researchers have shown improvements in amino acid digestibility with phytase in chicks and turkeys (Yi et al., 1996; Biehl and Baker, 1997; Ravindran et al., 1998; Ledoux et al., 1999; Ravindran et al., 1999) . However, very little published research is available on the effects of phytase on amino acid digestibilities in layer diets. Only one abstract exists in which corn-soybean meal layer diets were supplemented with phytase and resulted in improvements (P < 0.05) in only Met, Cys, Ala, and Glu digestibilities (Jalal et al., 1999) . The objective of this study was to determine the effect of phytase on the ileal digestibility of amino acids in previously molted Dekalb Delta laying hens fed a corn-2003 Poultry Science Association, Inc. Received for publication June 6, 2002. Accepted for publication November 5, 2002. 1 To whom correspondence should be addressed: poultry@uiuc.edu.
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significant interaction between diet type and phytase level for Ala, Gly, Leu, and Met was observed. The interaction resulted because phytase numerically increased amino acid digestibilities for the C-SBM-MBM and C-SBM-WM diets, but phytase addition numerically decreased the amino acid digestibilities for the C-SBM diet. Diet type had a significant effect on digesibilites of most amino acids. The latter effect was due primarily to lower amino acid digestibilities for the C-SBM-MBM diet than the C-SBM-WM diet. Phytase had no significant affect on digestibility of any amino acid. Ileal digestible energy was significantly affected by diet type but not by phytase.
In conclusion, diet type had a significant effect on apparent ileal amino acid digestibility and digestible energy, but phytase had no consistent effect.
soybean meal (C-SBM) diet, a C-SBM-meat and bone meal (C-SBM-MBM) diet, or a C-SBM-wheat middlings diet (C-SBM-WM). The hypothesis was that phytase would increase amino acid digestibility in all diets, because they all contain substantial amounts of phytate, and that the response might be greater in the C-SBM-WM diet and lesser in the C-SBM-MBM diet because they contain more and less phytate than the C-SBM diet, respectively.
MATERIALS AND METHODS

General Procedures
All animal procedures were approved by the University of Illinois Committee on Laboratory Animal Care. Two hundred sixteen previously molted Dekalb Delta, Leghorn laying hens (78 wk of age) were allotted to one of six treatments. The hens were fed a C-SBM layer diet formulated to contain 17% CP, 3.8% Ca, and 0.45% available P prior to this experiment. The hens were housed in a completely enclosed, ventilated caged-layer building in which they were exposed to a daily lighting schedule of 16 L:8 D. The six dietary treatments were administered to four replicate groups of nine hens wherein each group was composed of three adjacent cages (30 × 46 cm) with three hens per cage. The experiment was conducted in November. Feed and water were provided ad libitum.
Experimental Diets
The experimental diets were formulated to include three combinations of ingredients commonly used in layer diets. The three diets were C-SBM (23.9% SBM), C-SBM-MBM (7.5% MBM), and C-SBM-WM (10.0% WM). The compositions of the diets are outlined in Table 1 . The two levels of Natuphos 600 2 used in the diets were 0 or 300 U of phytase/kg of diet. The diets were formulated to contain approximately 15% CP, and they met all nutrient requirements except for Ca and nonphytate P (NRC, 1994) . Levels of calculated Ca and nonphytate P were based on NRC (1994) table ingredient values. The Ca and nonphytate P levels were decreased in the C-SBM and C-SBM-WM diets when phytase was added in anticipation that phytase would increase availability of both nutrients (0.2% for Ca and 0.1% for P based on data from BASF Corporation 2 ). The dietary calcium and nonphytate P levels of the unsupplemented diets were selected to be in 2 BASF Corp., Mount Olive, NJ. excess of NRC (1994) values and to be similar to levels fed commercially. Only the Ca level was reduced in the C-SBM-MBM diets as phytase was added because there was no practical way to reduce the nonphytate P when no supplemental source of P was included. Celite 3 (1.5%) was added to all diets as a source of acid-insoluble ash for a digesta marker. Acid-insoluble ash was measured using the procedures described by Vogtmann et al. (1975) .
Egg production and feed intake were measured daily. At the end of 3 wk, all hens were euthanized by CO 2 inhalation, and the ileal contents (vitteline diverticulum to the ileocecal junction) were collected, pooled within replicate, freeze-dried, and ground to pass through a 60-mesh screen. Ileal contents were analyzed for amino acids using ion exchange chromatography following hydrolysis in 6 N HCl for 24 h at 110°C (Spackman et al., 1958) . Concentrations of Met and Cys were determined using performic acid oxidation by the procedure of Moore (1963) except that samples were diluted with water and lyophilized to remove excess performic acid.
Statistical Analysis
Data were analyzed as a 3 × 2 factorial (three diets and two phytase levels) using the general linear models procedure of SAS software (SAS Institute, 1990). Differences among individual treatments were determined us- Means within a row with no common superscripts are significantly different (P < 0.05).
1 C = corn; SBM = soybean meal; MBM = meat and bone meal; WM = wheat middlings.
2
There was a significant (P < 0.05) diet × phytase interaction for Ala, Gly, Leu, and Met.
ing the least significant difference test (Carmer and Walker, 1985) .
RESULTS AND DISCUSSION
There were no significant differences in mean egg production among treatments for the 3-wk period. Hen-day egg production means (%) for the C-SBM, C-SBM-MBM, C-SBM-WM, and those three diets supplemented with phytase were 84, 81, 76, 79, 79, and 84, respectively, with a pooled SEM of 2.9. Amino acid digestibility results are presented in Table 2 . A significant interaction between diet type and phytase level for Ala, Gly, Leu, and Met was observed. The interaction resulted because phytase numerically increased amino acid digestibilities for the C-SBM-MBM and C-SBM-WM diets, but phytase addition numerically decreased the amino acid digestibilities for the C-SBM diet. There was a significant effect of diet type for almost all amino acid digestibilities. The latter effect generally resulted because the C-SBM-WM diet had higher amino acid digestibilities than the C-SBM-MBM diet. There was no significant phytase main effect for any amino acid. Thus, supplementing laying hen diets with phytase did not consistently affect amino acid digestibilities in the three diets.
A significant diet main effect was observed for ileal digestible energy (Table 2) , with the C-SBM-MBM diet having the highest value, the C-SBM diet being intermediate, and the C-SBM-WM diet being lowest. Phytase did not have a significant main effect on digestible energy.
When comparing the determined ileal digestible energy values of the diets (on an as-fed basis) to the calculated TME n values in Table 1 (average DM of diets was 92%), the TME n values were approximately 100 kcal/kg higher for the C-SBM and C-SBM-MBM diets and approximately 200 kcal/kg higher for the C-SBM-WM diets. At least part of the difference between the ileal digestible energy and TME n values is probably due to the TME n values being corrected for endogenous energy excretion and due to microbial fermentation in the ceca and colon, with the latter probably being greater for the higher fiber C-SBM-WM diet.
The lack of a consistent significant effect of phytase on amino acid digestibility with molted laying hens observed in our study is not surprising as the results of other studies on this topic have been inconsistent. Several studies have reported small but significant improvements in amino acid digestibility due to phytase. Jalal et al. (1999) , the only study (abstract) with laying hens, observed a significant effect of phytase (250 to 300 U/kg) on digestibility of only four amino acids (Met, Cys, Ala, and Glu) and no effect on crude protein digestibility in a C-SBM diet. In chicks, phytase has been investigated extensively, and several studies have reported positive effects. Chicks fed a SBMdextrose diet deficient in amino acids showed improvements in feed efficiency when the diet was supplemented with 1,200 U/kg of phytase, suggesting an improvement in amino acid utilization (Biehl and Baker, 1997) . Ravindran et al. (1999) reported improvements in amino acid digestibility for broiler chickens when corn, sorghum, or wheat diets were supplemented with phytase (1,200 U/ kg), and it was noted that the magnitude of improvements in amino acid digestibility were greater in the wheat and sorghum diets than in the corn diet. In another study, a Lys-deficient wheat-SBM-sorghum based diet supplemented with increasing levels of phytase (125 to 1,000 U/kg) showed linear (P < 0.001) improvements in broiler weight gain and feed efficiency, which the authors attributed to the significant increases in amino acid digestibility and apparent metabolizable energy (Ravindran et al., 2001) . In turkey poults, phytase (200 to 600 U/kg) linearly increased (P < 0.05) ileal digestibility of N and seven amino acids (Phe, Ile, Met, Cys, Leu, Lys, and Trp) and apparent metabolizable energy (Ledoux et al., 1999 ) for a C-SBM diet.
In contrast to the above studies, several other investigations have shown no significant effect of phytase on efficiency of protein and energy utilization in chicks. Biehl and Baker (1997) found that 1,200 phytase U/kg numerically improved amino acid digestibility and TME n of SBM in cecectomized roosters, but these results were not significant. Phytase (1,200 U/kg) did not significantly affect protein efficiency ratios or apparent ileal amino acid digestibilities in chicks fed protein-amino-acid-deficient diets containing various protein sources (Peter et al., 2000; Boling-Frankenbach et al., 2001; Peter and Baker, 2001) or C-SBM diets that were adequate or deficient in amino acids and contained 600 U/kg phytase (Zhang et al., 1999) . One likely reason for the inconsistency in phytase effect in our study and the others discussed is that the effects of phytase are small. Increasing the number of birds and replications might better detect significant effects of phytase. However, in our study, the effects of phytase were neither numerically nor directionally consistent (numerical increase in two diets and decrease in the other). Thus, the effect of phytase, if any, was not consistent.
In summary, the results of our study demonstrated no significant or consistent effect of phytase on digestibility of amino acids and energy in molted laying hens. These results probably occurred because any effect of phytase on amino acid digestibility and energy utilization is small.
